Summary. Of 43 strains of Vibrio cholerae 0 1 biotype El Tor isolated over a span of almost three decades ) from stools of children and adults with diarrhoea (25 isolates) and from sewage (three) and water from the river Ganges (15) examined for production of haemolysin and its correlation with enterotoxin production, 17 isolates showed haemolysis. The majority of isolates (26), including 68 YO of diarrhoea1 and 50 YO of environmental origin, were non-haemolytic. The titre of haemolysin produced was 4-16 HU/ml, irrespective of the source of isolation. Haemolytic strains caused significantly more fluid accumulation than the non-haemolytic strains in the rabbit ileal loop (RIL) test. Twenty nine (67-4) V. cholerae biotype El Tor isolates-all the haemolytic and most (61.5 YO) of the non-haemolytic isolates tested-caused fluid accumulation. The remaining non-haemolytic strains that caused little or no accumulation of fluid did so after one to four consecutive passage(s) through RIL without change in haemolytic character ; these strains required more consecutive passage through rabbit gut to show haemolysis. All these strains reverted to their original non-haemolytic character on repeated subculture or on storage in the laboratory but continued to show enterotoxic activity. The present study indicated that El Tor haemolysin is not responsible for fluid accumulation in rabbit gut.
Introduction
Vibrio cholerae 0 1 biotype El Tor is the causative agent of the current seventh cholera pandemic which started in Celebes island in 1961 .l Unlike strains of the classical biotype, which are non-haemolytic, strains of El Tor produce and secrete a haemolysin into the culture medium. This feature has been used to distinguish the two biotypes. However, haemolytic activity did not always correlate with the El Tor biotype and many strains were reported to be non-haemolytic. ' This discrepancy has generated confusion in the biotype designation of V. cholerae 0 1 isolates. More recent reports suggest that the haemolysin produced by El Tor strains is identical to that of V. cholerae non-01.3-5 It has also been suggested that the El Tor-like haemolysin of V. cholerae non-01 can produce fluid accumulation in adult rabbit ileal loops. 6 Alm et al.7 indicated that the haemolysin may be enterotoxic because fluid accumulation in rabbit ileal loops was not observed when the whole haemolytic determinant was deleted from the chromosome of a non-toxigenic but diarrhoea-producing strain of El Tor biotype.
The present study of isolates of V. cholerae 0 1 biotype El Tor from diarrhoea and water was under-
Materials and methods

Bacterial strains
Forty-three isolates of V. cholerae 0 1 biotype El Tor isolated during a period of almost three decades ) from children and adults with diarrhoea (25) , from sewage (3) and from the river Ganges (15) were obtained from our laboratory stock and included in the study. The number of isolates from each decade were two isolates from the period 1964-1969, 11 from 1970-1979,23 from 1980-1989 ... ... ... ... ...
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NT, not tested. *Non-haemolytic strains tested only after passage. ... Broth (BHIB; Difco) on to sheep blood 5 % agar. After incubation for 24 h at 37"C, the blood agar plates were examined for haemolysis around the colony.
80-1 20 oscillations/min. The cultures were centrifuged at 22000 g for 20 min at 4°C and supernates were filtered through a membrane filter (Millipore; 0.45 pm) and stored at 4°C. These culture filtrates (CF) were used for haemolysin and enterotoxin assays.
Preparation of culture filtrates for haemolysin and en terotoxin product ion
Culture filtrates of the isolates of V. cholerae 0 1 biotype El Tor which were shown to be haemolytic were prepared by the method of Richardson et al.ll Briefly, BHIB (10 ml) contained in 50-ml conical flasks was inoculated with five or six colonies grown overnight on blood agar plates. The flasks were incubated at 37°C in a shaking water bath for 16-18 h with
Titration of haemolysin
The production of haemolysin by each strain of V. cholerae 0 1 biotype El Tor was confirmed by the method of Smith12 and modified by Rennie and A r b~t h n o t t l~ as described by Singh and Sanyal.l* Briefly, sheep erythrocytes (SRBC) were washed three times in isotonic saline and a 2 Yo v/v suspension was prepared in 0.04 M phosphate-buffered saline (PBS, pH 7.4). To determine haemolytic activity, 0.5 ml of two-fold serial dilutions of CF of each strain was mixed with an equal volume of SRBC 2 % v/v suspension, incubated at 37°C for 2 h in a water bath and left at 4°C for 12 h. The lysed portion was diluted four-fold with sterile normal saline and the optical density at 540nm was measured in a colorimeter. Standardisation of the erythrocyte suspension was done by lysis of 0.5 ml of SRBC 2 % v/v suspension with a few crystals of saponin. An optical density of 0.5 at 540nm was considered to indicate a standardised SRBC 2 % v/v. The negative control was 0.5 ml of saline instead of CF. One Haemolytic Unit (HU) was defined as the amount of CF that caused 50% haemolysis under the experimental conditions.
Ileal loop test
Whole cells and culture filtrates of the 43 strains of V. cholerae 0 1 biotype El Tor were tested in adult albino rabbits by the method of De and Chatterje for enterotoxin dete~ti0n.l~ Briefly, bacteria grown in BHIB for 3 h were diluted 10-fold in the same medium and 1 ml containing 105-106 cfu was inoculated into a rabbit ileal loop (RIL). A BHIB culture of toxigenic strain 569B of V. cholerae 0 1 was used as a positive control and unseeded BHIB as a negative control. CF (1 ml) was tested in the same way. Each test was done in three rabbits. Rabbits were killed after 18 h.
Passage through rabbit ileal loops
Strains of V. cholerae 0 1 El Tor that showed no haemolysis or caused no fluid accumulation in the initial test were passaged through RILs according to the method of Sanyal et aZ.16* l7 Briefly, each strain was cultured aseptically from a RIL on nutrient agar and incubated overnight ; five or six colonies were then inoculated into BHIB, incubated for 3 h, and 1 ml of diluted culture was inoculated again into the RIL. The process was continued until a positive response was obtained.
Results
Seventeen of the 43 isolates of V. cholerae 0 1 biotype El Tor produced haemolysis on sheep blood 5 YO agar. The majority of isolates (26), including 68 YO of diarrhoeal and 50 YO of environmental isolates, were non-haemolytic irrespective of the year of isolation (table I) .
CFs of those isolates of V. cholerae 0 1 biotype El Tor that caused haemolysis on sheep blood 5 % agar plates, also caused lysis of sheep erythrocytes in 2 % suspension. The titres of haemolytic activity were 4-16 HU/ml. No difference in the titre of haemolytic activity was observed with regard to either source or year of isolation. However, there was strain to strain variation in the titres of haemolysin production (table I) . Cultures and CFs of 29 (67.4%) of the 43 strains tested caused fluid accumulation during the initial test (table 11) . Thirteen of the 17 haemolytic strains caused fluid accumulation before passage, the remaining four became enterotoxic after passage. However, 6 1.5 YO of the non-haemolytic isolates also showed enterotoxic activity in the RILs. The remaining non-haemolytic strains that initially showed little enterotoxicity caused fluid accumulation after one to four consecutive passages through RILs (table 11) .
Haemolytic strains caused significantly more fluid accumulation than the non-haemolytic strains, irrespective of source of isolation (p < 0.05, Student's t test) (figure).
Fourteen non-haemolytic and five haemolytic strains of V. cholerae 0 1 biotype El Tor tested by consecutive passages in RILs caused a marked increase in fluid accumulation after each passage (table 111) . The non-haemolytic enterotoxigenic isolates became haemolytic after one to three consecutive passages through rabbit gut. The titres of haemolysin produced increased after each passage (table IV) . However, on repeated subcultures or on storage in the laboratory, all these isolates reverted to their original nonhaemolytic character, but showed enterotoxic activity. The four non-haemolytic isolates of diarrhoeal origin did not show haemolysis even after four consecutive passages but showed a secretory response (table IV) .
Discussion
There have been reports that many isolates of V. cholerae 0 1 biotype El Tor may not produce haemolysin.2,1s-20 The data from this study also indicate that most of the strains of biotype El Tor in this series, which were isolated over a span of almost three decades, showed no haemolysis in the initial tests. However, most of these non-haemolytic strains became haemolytic on sheep blood 5 % agar plates after one to four serial passages through RILs. Moreover, the titres of haemolysin in CFs also increased after each passage. This phenomenon may be explained by the genetic evidence that sequences homologous to the haemolysin gene are present in both haemolytic and non-haemolytic strains of V. cholerae 0 1 biotype El Tor, but are probably not expressed in non-haemolytic isolates. 21 Several workers have suggested that the haemolysin produced by the haemolytic strains of V. cholerae 0 1 biotype El Tor is responsible for their enterotoxic '* 22 However, the results of the present study indicate that a significant number of non-haemolytic strains of V. cholerae 0 1 biotype El Tor caused fluid accumulation in the initial tests. This indicates that the haemolysins may not be responsible for enterotoxic activity; the secretory response might have been initiated by enterotoxin. This observation is further strengthened by the fact that four non-haemolytic strains caused fluid accumulation even though they did not produce haemolysin after four consecutive passages through RILs. However, it was observed that the haemolytic strains caused significantly more fluid accumulation than the non-haemolytic isolates, irrespective of their source of isolation. These observ-ations suggest that the enterotoxic potential is not confined to the haemolytic strains but non-haemolytic isolates also possess this property to a lesser extent. However, the probability that the expressed haemolysin gene may increase the enterotoxic activity of El Tor strains, as observed in Aerornonas spp., cannot be ruled 0~t . I~ Ichinose et al.6 reported that El Tor-like haemolysin produced by V. cholerae non-0 1, which was unrelated to cholera toxin (CT), showed enterotoxic activity and occasionally caused fluid accumulation with mucus and blood in RILs. They also suggested that CT genenegative V. cholerae 0 1 strains probably produced an El Tor-like haemolysin factor responsible for diarrhoea. However, the present study indicated that strains of V. cholerae 0 1 biotype El Tor are enterotoxic irrespective of their haemolytic character and the accumulated fluid in the rabbit gut was without blood and mucus, like that of experimental cholera. Furthermore, the toxin produced by CT gene-negative V. cholerae 0 1 strains was shown to be enterotoxic but n~n-haemolytic.~~ Thus, the data from this study clearly indicate that El Tor haemolysin is not responsible for fluid accumulation in rabbit gut and that enterotoxin is the most likely factor responsible for the enterotoxic activity of these strains and also of the classical biotype.
The strains of V. cholerae 0 1 El Tor that failed to produce enterotoxin in the initial tests caused fluid accumulation after one to four consecutive passages through rabbit gut, suggesting that all the strains of V. cholerae 0 1 biotype El Tor are potentially enterotoxigenic irrespective of their haemolytic character and source of isolation. Similar observations regarding the effect of passage through the gut of a susceptible host were demonstrated in our earlier studies with V. cholerae 0 1 1 7 and also with many other organisms such as V. cholerae n 0 n -0 1 ,~~ V. j l u~i a l i s ,~~ V. rnimicus, 16' 26 Aerornonas spp.,l49 27-30 Plesiornonas shigelloides3' and Klebsiella pne~rnoniae.~~ Furthermore, it is known that the so-called hypertoxigenic strain 569B of V . cholerae 0 1 also requires passage through rabbit gut for enhancement of toxin pro-duction ; a mechanism of repression-derepression controlling the expression of toxin gene may account for this p h e n~m e n o n .~~ It appears that expression of a toxin gene in a bacterial strain is a means of its adaptation to a particular micro-environment such as occurs with V. c h o l e~a e .~~ There have been reports of loss of the ability to produce haemolysin as a result of subculture in the laboratory as well as disappearance of the haemolytic trait from epidemic biotype El Tor It was noted in this study that most toxigenic non-haemolytic strains of V. cholerae 0 1 biotype El Tor produced a haemolysin after one to three consecutive passages through rabbit gut. These observations may also indicate that the phenomenon of repression and derepression may operate in the case of the haemolysin gene and that the rabbit gut probably provides a micro-environment for its expression. Further evidence is provided by the reversion of these strains to their original non-haemolytic character on repeated subcultures or prolonged preservation in the laboratory. A similar phenomenon of repressionderepression controlling the expression of the haemolysin gene has been reported in Aerornonas spp.14*29 It is possible that the four isolates of toxigenic V. cholerae 0 1 biotype El Tor that showed no haemolysis even after four consecutive passages through rabbit gut might have become haemolytic on further passage. It is also possible that these strains did not possess the haemolysin gene.
This study indicates that most strains of V. cholerae 0 1 biotype El Tor, irrespective of source of isolation, are potentially enterotoxigenic and haemolytic and that enterotoxin is the factor most likely to be responsible for their enterotoxic activity. Passage through the gut of a susceptible host may control the expression of the genes responsible for enterotoxin and haemolysin production.
